Research on risk management in Engineering-Procurement-Construction (EPC) projects has received increasing attention. It is essential to integrate the resources of all participants into the risk management process optimally from the perspective of evolutionary games. The conceptual risk management model in the delivery of international EPC projects is developed in the study. Based on the data from an industry survey, the model has been validated. The path analysis shows that partnering not only directly contributes to interface management and risk management, thereby improving project outcomes, but also has a positive impact on risk management through enhanced interface management. The case study illustrates how partnering has a close linkage with interface management and risk management to achieve superior project performance, confirming the analysis of evolutionary game. The results suggest that contractors' success in applying partnership can play an exemplary role for other contractors, and governments can create a favorable environment to stimulate participants using win-win philosophy for better infrastructure development.
Introduction
The Engineering-Procurement-Construction (EPC) approach is widely used in current international engineering contracting and has been actively advocated and promoted in the construction market. It involves a set of participants in the process of project delivery, such as clients, contractors, and designers, who have a specific interest in project performance [1] . However, there are limited numbers of companies that can complete the EPC task only relying on their own capacities [2] . Most of EPC contractors are construction companies, e.g., the strength of Chinese EPC contractors is mainly in construction [3] . It is challenging for contractors to deal with complicated EPC interfaces and project risks on their own capabilities due to uncertainties and complex processes in the international EPC market [4, 5] . A large number of researchers suggest that partnering strategy which based on a win-win philosophy can promote cooperation between participants to improve risk management [6] .
Risk management occupies an important position in the process of project delivery [7] and decision-making processes in delivery of international EPC projects [8] [9] [10] [11] [12] [13] . Despite the agreement on partnering's importance to risk management, few studies have systematically demonstrated the causal with project participants, aiming at facilitating risk management by integrating various information from stakeholders.
Researchers revealed the importance of partnering in strengthening risk management, and partnering can leverage internal and external information to achieve more collaboration and integrated risk management processes between participants, therefore promoting project performance [1, [31] [32] [33] .
Establishment of Conceptual Model in delivering EPC projects

Evolutionary Game in International EPC Projects
Motivated by the literature described and the theory analysis forward, an evolutionary game is constructed to improve the partnership among stakeholders. Assumptions are that there is an N international engineering market competition of the enterprises' (the contractors and other stakeholders, which represents one of the other participants in the EPC project market, such as clients, designers and so on) investment opportunities, every enterprise makes decisions independently, and has three strategies of partnering, cooperative and competitive. In international markets, contractors have a ratio of p 1 to select the strategy of partnering, a ratio of p 2 to select the strategy of cooperative and a ratio of P 3 to select the strategy of competitive. The other stakeholders have a ratio of r 1 to select the strategy of partnering, a ratio of r 2 to select the strategy of cooperative and a ratio of r 3 to select the strategy of competitive during the period of t, and satisfies the conditions which are p 1 + p 2 + p 3 = 1 and r 1 + r 2 + r 3 = 1. Table 1 shows parameter description of model and Table 2 demonstrates payoff matrix of three-dimensional evolutionary game. Table 1 . Parameter description of model.
Parameters Description
a Gains of contractors taking the strategy of competitive m
Additional gains of contractors due to take the strategy of cooperative c
Additional gains of contractors due to carry out partnering b
Gains of other stakeholders taking the strategy of competitive n Additional gains of other stakeholders due to take the strategy of cooperative d
Additional gains of other stakeholders due to carry out partnering s 1 Subsidies or bonuses of government for cooperative s 2 Subsidies or bonuses of government for partnering Table 2 . Payoff matrix of three-dimensional evolutionary game model.
Contractors
Other Stakeholders
Partnering Cooperative Competitive
Partnering
Firstly, the gains of contractors that take the strategy of partnering is:
the gains of contractors that take the strategy of cooperative is:
and the gains of contractors taking the strategy of competitive is calculated as:
The average expected return for the contractors in the international projects is:
The dynamic equation of contractors for take the strategy of partnering can be calculated as:
Derivation can be expressed as:
The analysis and signification for contractors in international projects can be detailed in Table 3 as follows: Table 3 . Path analysis of evolutionary game.
The result shows that when the additional benefits of contractors and subsidies from the government are greater than the cost due to adopting the strategy of partnering, and the probability of a contractor taking the strategy of cooperative satisfies the condition of p 2 < m+c+s 2 m+s 1 and more and more contractors adopt a partnering principle in international projects. Table 3 shows the evolution results of the evolutionary game under different evolution conditions. Whether the contractors in the international project markets take the strategy of the partnership lies on the initial profit value of the contractors and the initial proportion of taking the strategic partnership in the evolutionary game.
Conceptual Risk Management Model
Owing to dynamic variables affected by the intricate environment in the international construction market, it is necessary to improve and strengthen the ability of contractors' risk management by partnering with stakeholders [34] . Partnering can help contractors become an open communication system allowing increased information to be efficiently disseminated among stakeholders, which facilitates interface management and risk management for improving EPC project outcomes [15, 35] . In addition, few previous publications have focused on the interface management associated with the construction of the partnering model to explore the evolution trend of evolutionary games in the delivery of international EPC projects. Therefore, a model has been built to understand the causality among partnerships, risk management, interface management and project performance in international EPC project delivery as presented in Figure 1 . 
Owing to dynamic variables affected by the intricate environment in the international construction market, it is necessary to improve and strengthen the ability of contractors' risk management by partnering with stakeholders [34] . Partnering can help contractors become an open communication system allowing increased information to be efficiently disseminated among stakeholders, which facilitates interface management and risk management for improving EPC project outcomes [15, 35] . In addition, few previous publications have focused on the interface management associated with the construction of the partnering model to explore the evolution trend of evolutionary games in the delivery of international EPC projects. Therefore, a model has been built to understand the causality among partnerships, risk management, interface management and project performance in international EPC project delivery as presented in Figure 1 .
Input
Process Output The key issues generated by this model (see Figure 1 ) have been transferred to the following empirical questions:
External Internal
• What is the current status of partnering, interface management, and risk management in international EPC projects?
•
What is the ultimate performance of the EPC projects?
• What are the interrelationships among the above themes? The key issues generated by this model (see Figure 1 ) have been transferred to the following empirical questions:
Methodology
Data Collection Using Triangulated Approach
What is the current status of partnering, interface management, and risk management in international EPC projects? • What is the ultimate performance of the EPC projects? •
What are the interrelationships among the above themes?
Methodology
Data Collection Using Triangulated Approach
Triangulation can be conducive to understanding research statements with qualitative and quantitative data collection [36] . Questionnaire surveys are conducted through fieldwork to avoid the bias of postal survey [37] . Sixty-four questionnaires were sent and received via field trip survey. All respondents have rich experience and play important roles in the EPC projects such as project managers, which ensures the data set is highly reliable and representative.
The results of the study were further explained and verified through interviews and a case study. Field research allows for a follow-up interview immediately after questionnaires are completed. All the interviewed respondents are with senior positions such as project managers, and the interview results help interpretation of the questionnaire survey outcomes. Venezuela's natural gas power station was selected for the case study because of the contractor's successful application of the partnering strategy to risk management.
Data Analysis Techniques
The data collected from the questionnaire is analyzed with the assistance of Statistical Package for the Social Sciences (SPSS 22.0).
The techniques suitable for this study are as follows:
• Estimation of the sample mean;
Case study.
Cronbach's α was adopted to test the internal consistency (reliability), with the barriers 0.7 ≤ α ≤ 0.8 (acceptable), 0.8 ≤ α ≤ 0.9 (good), and α ≥ 0.9 (excellent).
Path analysis is adopted to verify the intermediation between partnering, risk management, interface management, and project outcomes. It is considered that the correlation analysis method can be used to reveal the linear projection law between two sets of multidimensional variables, which is to further explain the causality in the model [38] .
Survey Results and Analysis
Partnering
Respondents were invited to rate the performance of partnering between contractors and other stakeholders on a Likert scale 1 (very poor) to 10 (very good), with the result shown in the second column in Table 4 . Referring to Table 4 , Cronbach's alpha value for the degree of partnering between different stakeholders is 0.925, indicating the internal consistency reliability of the data is good. According to Table 4 , the most important relationships are with suppliers and clients, and this is because equipment and material suppliers are located upstream of the supply chain, providing equipment and materials which can decide the quality of EPC projects. The relationships between the contractors and clients obtain the score of 7.86, ranking the second, because trust-based relationship is critical for the clients to award the contracts to the contractor. The score between the contractors and subcontractors is 7.50, which is because the local subcontractors can effectively solve problems related to insufficient workforce and reduce construction cost. Maintaining a good partnership with subcontractors is important to ensure the successful delivery of projects.
Interface Management
Respondents were invited to evaluate the frequency of problems for contractors on a ten-point Likert scale, ranging from 1 (never happens) to 10 (always happens). The results are tabulated in Table 5 . Table 5 that the efficiency of interface problems occurred between the contractors and the consulting engineers obtain the highest score, followed by clients, designers, equipment suppliers, sub-contractors. There are lots of interfaces between contractors and consulting engineers; this is largely attributed to the fact that the contractors' work needs to be approved by the consulting engineers, covering different kinds of jobs such as civil engineering, and electrical and mechanical engineering.
Respondents were asked to evaluate the performance of interfacing management between the contractors and the stakeholders on a ten-point Likert scale, ranging from 1 (very poor) to 10 (very good) and the results are listed in Table 6 . Table 6 . Performance of interface management between the contractors and the stakeholders.
Rank
Rating Cronbach's α As shown in Table 6 , the average indicator rating is 7.46, Cronbach's alpha value for interface management performance is 0.912, indicating the internal consistency reliability of the data is good [39] . As detailed in Table 6 , interface management performance between EPC contractors and designers is the best, which is attributed to the fact that designers can determine the cost of EPC projects to a large extent. Equitable sharing rewards between the contractor and the designer from value engineering is important to promote design optimization. Interviews indicate that the contractors who provide additional resources for the designers on in-depth value analysis will obtain significant returns from design optimizing.
Risk Management
To investigate the importance of different risks in international EPC projects, respondents were invited to rate the risks on a ten-point Likert scale, ranging from 1 (a negligible risk) to 10 (an extreme risk) and the results are tabulated in Table 7 . This analysis methodology is a checklist analysis and expert judgment composed of senior project managers responsible for projects in the relevant areas [40] .
As results presented in Table 7 , the average indicator rating is 5.87, Cronbach's alpha value for the importance of risks in international EPC projects is 0.915, indicating there is a good level of internal data consistency. As Table 7 shows, EPC project risks cover broad themes, mainly regarding economic risks, client related risks, design risks, contractor's technical capabilities, procurement risks, HSE, political risks, poor project planning, and adversarial natural environment.
In order to investigate the risk management level of the EPC contractors, respondents were invited to assess the frequency of risk management techniques applied by rating them on a ten-point Likert scale, ranging from 1 (least frequently used) to 10 (most frequently used) and the results are listed in Table 8 . As shown in Table 8 , the average indicator rating is 7.16, Cronbach's alpha value for the application level of risk management techniques is 0.906, indicating good internal consistency reliability. In risk identification, "brainstorming" is the most used technique, "checklist" and "consulting experts" follow, and "individual assessment" is the least used. In risk analysis, "joint evaluation of key participants" is the most frequently used technique in risk management. The "use of computers and other modeling methods" is the least frequently used technique, owing to high requirements for modeling and difficulty in collecting quantifiable data.
In risk response, the score of "reduce the likelihood of occurrence" is 8.00, which is the most frequently used method in EPC projects for contractors. This reflects that the EPC contractors tend to take proactive prevention risk mitigation strategies. In risk monitoring, "periodic document reviews" and "periodic risk reporting" are used more frequently than "establishment of the risk warning system" and "periodic trend reporting". Generally speaking, qualitative risk management methods frequently use quantitative analysis techniques.
In order to better understand the obstacles of risk management, the factors that might affect the level of risk management were further investigated. The respondents were asked to rate the barriers to risk management on a ten-point Likert scale, ranging from 1 (least important barrier) to 10 (most important barrier). The results are listed in Table 9 . As is shown in Table 9 , the average indicator rating is 7.60, and Cronbach's alpha value for the barriers to risk management is 0.949, indicating the data has a good internal consistency reliability. The score of "lack of formal risk management system", "lack of joint risk management mechanisms by parties", "lack of risk awareness for joint management" and "lack of cooperative risk management knowledge and skills" are the top four barriers for risk management. This demonstrates that it is indispensable for project participants to establish a partnering-based risk management system to collaboratively deal with various EPC project risks. Partnering also can help participants share both historical data and ongoing project information to support decision making regarding risk management.
Project Performance
The project performance of quality, safety, schedule, occupational health, cost, environment, and corporate social responsibility is rated on a ten-point Likert scale, ranging from 1 (very poor) to 10 (very good). The results are listed in Table 10 .
Referring to Table 10 , Cronbach's alpha value for the project performance in international EPC projects is 0.821, suggesting a good internal consistency reliability of data. The average indicator rating is 7.94, showing that the performances of the EPC project are satisfactory. However, cost obtained the lowest rating, reflecting that achieving financial related objectives is challenging for EPC contractors. This is largely attributed to the fact that the contractors take most of project risks, e.g., different from in DBB projects, the risk of increasing quantity in EPC projects normally is born by the contractors. 
Testing the Model
Path Analysis
Path analysis has been conducted to test the relationship among partnering, risk management, interface management and project performance established in the conceptual model as shown in Figure 2 . 
Path analysis has been conducted to test the relationship among partnering, risk management, interface management and project performance established in the conceptual model as shown in Figure 2 . As shown in Figure 2 , the results demonstrate three significant paths: Path 1: partnering  interface management  project performance;
Path 2: partnering  risk management  project performance;
Path 3: partnering  interface management  risk management  project performance.
The above paths show that partnering not only directly contributes to interface management and risk management, thereby improving project outcomes, but also has an impact on risk management through enhanced interface management.
Relationship between Partnering and Risk Management
As shown in Figure 2 , partnering significantly predicts risk management with the standardized regression coefficient being 0.508 ( 0.000 r = ), verifying the strong impact of partnering on risk management. Partnering can effectively facilitate the use of risk management techniques such as "brainstorming" for risk identification and "joint evaluation of key participants" for risk analysis (see Table 8 ), which rely on the joint efforts of participants in EPC projects. As for risk barriers (see Table  9 ), it is appropriate to take the partnering approach to remove the barriers of "lack of joint risk As shown in Figure 2 , the results demonstrate three significant paths: Path 1: partnering −→ interface management −→ project performance; Path 2: partnering −→ risk management −→ project performance; Path 3: partnering −→ interface management −→ risk management −→ project performance.
As shown in Figure 2 , partnering significantly predicts risk management with the standardized regression coefficient being 0.508 (r = 0.000), verifying the strong impact of partnering on risk management. Partnering can effectively facilitate the use of risk management techniques such as "brainstorming" for risk identification and "joint evaluation of key participants" for risk analysis (see Table 8 ), which rely on the joint efforts of participants in EPC projects. As for risk barriers (see Table 9 ), it is appropriate to take the partnering approach to remove the barriers of "lack of joint risk management mechanism by parties", "lack of awareness for joint risk management", "lack of cooperative risk management knowledge and skills", "lack of historical data for risk analysis", "inappropriate risk allocation", "different understanding of risks among project participants", "lack of ongoing project information for decision-making" and "lack of incentives for better risk management".
Partnering with local authorities and communities is critical for contractors to solve political risks such as "unstable political situation in the host country" and "conflict with local communities", and "difficulties in land acquisition and resettlement of migration" (see Table 7 ). Given that EPC projects typically need a large amount of money, it is essential to have a good partnership with banks, which help manage the financial related risks such "poor economic environment". One approach of the Chinese contractors is assisting the clients in obtaining export credits with the support of governments and banks, which significantly reduces the financial risks such as "clients' payment delay" and "project financing difficulties" (see Table 7 ). Partnering with material and equipment suppliers and subcontractors is important for reducing risks of such as "material or equipment quality", "price change of material and equipment" and "shortage of labor, materials and equipment" (see Table 7 ).
Relationship between Partnering and Interface Management
As shown in Figure 2 , partnering has a significant impact on interface management with a standardized regression coefficient of 0.757 (r = 0.000), verifying the strong impact of partnering on interface management. Interviews with contractor managers during the site visit indicate that there are lots of changes and conflicts among EPC activities, which can result in a large number of interface problems. Whether these interface problems can be solved efficiently and effectively will significantly affect the implementation of the EPC projects. Trust and open communication in partnering can play an important role in enhancing interface management. For example, some builders and designers establish partnering relationships to conduct a complementary geologic survey to eliminate the key uncertainties in the conceptual design phase, thereby preventing many interface problems during project implementation.
Relationship between Interface Management and Risk Management
As shown in Figure 2 , interface management has a significant influence on risk management with the standardized regression coefficient of 0.494 (r = 0.000), verifying the close relationship between interface management and risk management. Interviews confirm that many EPC project risks are caused by poor coordination between interfacing stakeholders, including "design errors and defects", "delay of approval from the client", "lack of design optimization", "design variation", "unclear design intention", "poor relations among project participants", and "inappropriate construction planning"(see Table 7 ). Interface management approaches such as clearly-defined responsibilities and work procedures among project participants can effectively solve the problems on client and consultant engineer approval, improve design constructability by incorporating contractors' feedbacks, and facilitate preparing plans for equipment and material procurement. In addition, the use of information systems is an important technical support for efficient interface management in EPC projects.
Impacts of Interface Management and Risk Management on Project Performance
As shown in Figure 2 , interface management and risk management are correlated with project outcomes with the standardized regression coefficients being 0.319 (r = 0.016) and 0.341 (r = 0.010) respectively, confirming that interface management and risk management can significantly improve EPC project performance.
The above results show that partnering has a close linkage with interface management and risk management, thereby achieving superior project performance. These relationships illustrated by a case study as below.
Case Study of the Venezuelan Gas Power Station
Project Background
The natural gas power station project in Venezuela is an EPC project with a contract period of 12 months. This project is invested by the largest oil company in the country, and the development of the project is supported by the local government. The contractor of the project is a Chinese company. In terms of supplier selection, the contractor has a procurement information management system to help select qualified suppliers considering their past performance. The key equipment supplier is the General Electric Company, and the key material suppliers are the local large and medium-sized manufacturers with good credit.
Partnering and Interface Management
In the project, the contractor emphasized partnering and interface management with other stakeholders. The contractor adopts a win-win strategy and strives to establish partnerships with clients which assist in financing and obtaining loans from Import and Export Bank of China, thereby promoting the development of the project.
The contractor formed an alliance with the designer, which clearly allocated the rewards and risks. The EPC project team composed of members from both the contractor and the designer, and the ways of communication and problem solving are clearly defined. These provided a sound base for interface management between these two parties. The designer can effectively integrate the contractor's feedback into the design process, and the contractor can clearly understand the designer's intention in construction, which can improve the constructability of designs and help reduce the risks related to construction.
The contractor has established partnering relationships with local government and communities. The contractor has actively taken part in mitigating the flood risk and sponsoring medical facilitates for local communities.
Risk Management
There are lots of differences in project management between China and Venezuela, especially on the technical standards and institutional environment. For example, the technical standards on some electrical and mechanical devices are different, which could cause quality problems and result in extra cost arising from reworks; there are also differences in languages, laws, social norms, and cultures between Venezuela and China, which caused management difficulties for the contractor in the early stage of project delivery. The main risks of the project are related to design, procurement, inflation, and compliance to local laws and regulations.
To manage the risks of procurement, the contractor has good interfacing with the key suppliers worldwide, which enhances information sharing and efficient decision-making in dealing with equipment design, manufacturing, logistic, installation, and commissioning.
From 2011 to 2015, the rate of inflation was very high due to the changing economic status. To mitigate the financial risk, it is specified in the contract that payment structure is 75% in US dollars and 25% in local currency. In addition, the rate of the project advance payment reached to a high rate of 50%, which allowed the contractor to purchase the majority of equipment and materials in the early stage of the project, which significantly mitigated the inflation risk.
In dealing with law and regulation related risks, the contractor hired local consultants to help abide requirements on environmental protection, occupational health, safety, and use of local workforce. For example, the contractor employed sufficient local staff and provided training to improve their skills. This not only helped reduce quality and safety related risks but also improved the engagement with local communities, which enhanced the contractor's implementation of social responsibility.
Project Outcomes of the Project
Combing partnering and interface management with risk management, the contractor effectively integrated stakeholder's needs into the delivery processes of the EPC project, thereby successfully achieving the project objectives. The good performance of the contractor won the trust of the stakeholders and improved the reputation in the locality, which helped expand the market share.
The successful delivery of the project by the application of partnering has played an exemplary role for other contractors. The government has also contributed to the success of the project by creating a favorable infrastructure development environment to promote contractors' using partnering approach. These outcomes confirm the evolutionary game results in international EPC projects.
Conclusions
Findings
According to the data collected from Chinese construction companies in the delivery of international EPC projects, the relationships established in the model (see Figure 1 ) have been analyzed and confirmed. The main findings of this research are summarized as follows:
1.
The survey results have revealed the status of partnering application, interface management, and risk management, suggesting the needs for project participant to cooperatively manage interfacing EPC activities and to jointly deal with various risks during the project delivery.
2.
The path analysis show that partnering not only directly contribute to interface management and risk management, thereby improving project outcomes, but also has a positive impact on risk management through enhanced interface management.
3.
The case study of the Venezuelan Gas Power Station project illustrates how partnering has a close linkage with interface management and risk management to achieve superior project performance, confirming the analysis of evolutionary game.
4.
Contractors' success in applying partnership can play an exemplary role for other contractors, and governments can create a favorable environment to stimulate participants' using win-win philosophy for better infrastructure development.
Contributions to the Body of Knowledge
This study has important contributions on both theory and practice. Firstly, a model on the evolutionary game is constructed to describe the process of the evolutionary game with three different strategies to be taken by participants in international EPC projects. Secondly, this study establishes interdisciplinary links between knowledge areas such as partnering, risk management, interface management, and project outcomes by constructing an intermediary model, demonstrating the causal relationships of the above themes. Thirdly, the survey results provide empirical evidence for understanding the status of partnering application, interface management and risk management, forming a sound base for decision-making in delivering international EPC projects. Fourthly, the above results suggest broad practical strategies for EPC project management improvements.
Limitations and Future Research Directions
The main limitation of the research lies in the fact that the samples are only from Chinese companies. However, the research background is based on the experience gained from literature worldwide and further research is needed to verify the findings. Future researches should include: (1) how to build partnerships among project participants based on win-win values to achieve project objectives as well as long-term strategic partnership goals; (2) how government can provide stimuli to encourage project participants' cooperatively improving efficiency of the construction industry.
